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Domain architecture of inflammasome components. A subset of NLR family 
members as well as the HIN200 protein AIM2 assemble inflammasome 
complexes. NLRs are characterized by the combined presence of a NACHT 
domain fòllowed by a variable number of LRRs. AIM2 contains an 
amino- terminal PYD fòllowed by a DNA-binding HIN200 domain. Murine 
Nlrplb lacks the amino-terminal PYD motif found in human NLRP1. The 
PYD domains of AIM2 and NLRP1, -3, and -6 recruit the bipartite adaptor 
protein ASC. NLRP1 and NLRC4 may interact directly with the CARD of 
caspase-1 or may recruit caspase-1 indirectly through ASC. Human NAIP and 
its murine paralogs contain BIR motifs in their amino terminus. Abbreviations: 
AIM2, absent in melanoma 2; ASC, apoptosis-associated speck-like protein 
containing a CARD; BIR, baculovirus IAP repeat; CARD; caspase recruitment 
domain; CASP, caspase; FIIND, domain with function to find; LRR, 
leucine-rich repeat; NACHT, nucleotide-binding and oligomerization domain: 
NLR, Nod-like receptor; PYD, pyrin. 
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Figure 2 



Overview of stimuli and models for inflammasome activation. The NLR proteins Nlrplb, Nlrp3, Nlrc4, and Nlrpó as well as the 
HIN200 protein AIM2 assemble inflammasomes in a stimulus-specific manner. Activation of the Nlrplb inflammasome by cytosolic 
Bacillus anthracis lethal toxin may involve MKK processing, K + efflux, phagosomal destabilization, and proteasomal degradation of a 
currently unknown host factor. Cells exposed to microbial PAMPs, endogenous DAMPs, crystals, particulate matter, or UVB radiation 
may activate the Nlrp3 inflammasome by eliciting a common cellular response (e.g., ionie fluxes and cytosolic release of lysosomal 
cathepsins). The Nlrc4 inflammasome is activated indirectly when the PrgJ basai body subunit of the bacterial type DI secretion 
systems of Salmonella, Pseudomonas, Legionella, and Shigella species interaets with Naip2 . Nlrc4 also responds to bacterial flagellin, which 
Naip5 deteets in the cytosol of infected cells. AIM2 binds double-stranded DNA in the cytosol of cells infected with Francisella 
tularensis, Listeria monocytogenes, and the DNA viruses cytomegalovirus and vaccinia virus. The microbial ligands responsible for 
activation of the Nlrpó inflammasome in the gastrointestinal tract remain to be identified. Abbreviations: AIM2, absent in melanoma 2; 
BIR, baculovirus IAP repeat; CARD; caspase recruitment domain; DAMP, danger-associated molecular pattern; FIIND, domain with 
function to find; LRR, leucine-rich repeat; MKK, mitogen-activated protein kinase kinase; NACHT, nucleotide-binding and 
oligomerization domain; NLR, Nod-like receptor; PAMP, pathogen-associated molecular pattern; PYD, pyrin. 




Vaccinia vlL-1 



Vaccinia 
Ectromelia 
Cowpox VIL-18BP 




Influenza NS1 

Mycobacterium tuberculosis zmpl 
Yersinia enterocolitica YopE, YopT 
Yersinia pseudotuberculosis YopK 
Pseudomonas aeruginosa ExoS, ExoU 
Francisella tularensis mviN 



Legionella pneumophila 
Poxviruses, other pathogens 



Figure 4 

Virulence factors modulating inflammasome signaling. Certain viruses and bacterial pathogens express proteins that inhibit 
inflammasome assembly and activity. Cowpox CnnA and homologous serpins of myxoma and vaccinia virus bind and inhibit the 
enzymatic activity of caspase-1 directly. Orthopoxviruses aiso produce scavenger receptors that bind secreted IL-1 (3 and IL- 18. In 
addi ti on, they express vPOPs that prevent inflammasome assembly by scavenging ASC. Similarly, KSHV Orf63 is a Nlrpl decoy 
protein that prevents inflammasome assembly. Poxviruses, Legionella pneumophila, and other pathogens inhibit transcription of ASC, 
proIL-1 (3, and proIL-18 mRNA. Certain virulence factors encode enzymatic activities that modulate inflammasome activation. 
Examples are influenza NS1 protein; the Mycobacteiiwn tuberculosis putative Zn 2+ metalloprotease zmpl; the Yersinia effectors YopE, 
YopT, and YopK; the Pseudomonas aeruginosa virulence factors ExoS and ExoU; and Francisella tularensis mviN. Abbreviations: ASC, 
apoptosis-associated speck-like protein containing a CARD (caspase recruitment domain); CASP, caspase; CrmA, cytokine response 
modifier A; IL, interleukin; KSHV, Kaposi's sarcoma-associated herpesvirus; LRR, leucine-rich repeat; NACHT, nucleotide-binding 
and oligomerization domain; NLR, Nod-like receptor; PYD, pyrin; TLR, Toll-like receptor; vPOP, PYD-only protein. 



Autoinflammatory syndromes: 
Fever is not always a sign of infection 



■ A GENETICALLY DIVERSE BUT CLINICALLY 
SIMILAR GROUP OF CONDITIONS 

The autoinflammatory syndromes are a group 
of genetically diverse but clinically similar 
conditions characterized by recurrent attacks 
of fever, rash, serositis, lymphadenopathy, 
and musculoskeletal involvement. This cat- 
egory of diseases is rapidly expanding and was 
built on the discovery of the genetics behind 
FMF, hyperimmunoglobulin D syndrome 
(HIDS), tumor necrosis factor receptor-as- 
sociated periodic syndrome (TRAPS), and 
the cryopyrin-associated periodic syndromes 
(CAPS). More recent additions to the list 
include Blau syndrome and the syndrome of 
pyogenic arthritis, pyoderma gangrenosum, 
and acne (PAPA). 



>In autoinflammatory syndromes, genetic mutations 
lead to dysregulation of the innate immune system and 
to episodic manifestations of systemic inflammation. 



>Many patients have first- or second-degree relatives 
with similar symptoms, reflecting the genetic 
abnormalities underlying this class of conditions. 



>Unlike patients with other rheumatic diseases, patients 
with autoinflammatory diseases do not have 
autoreactive T lymphocytes, and they typically lack 
pathogenic autoantibodies. 



TABLE 1 












Quick reference guide to common autoinflammatory syndromes 


SYNDROME 3 CLINICAL 
FEATURES 


DURATION 
OF ATTACKS 


MODE OF 
INHERITANCE 


GENE 


THERAPY 


RISKOF 
AMYLOIDOSIS 


FMF Serositis 
Arthritis 
Rash 


< 72 hours 


Recessive 


MEFV 


Colchicine 
(Colcrys) 
IL-1 inhibition 


+++ 


HIDS Cervical adenopathy 
Rash 
Arthritis 
Headache 
Attacks triggered 
by vaccination 


3-5 days 


Recessive 


MVK 


Prednisone 
Etancercept 
(Enbrel) 
IL-1 inhibition 
Anti-IL-6 




TRAPS Myalgia 
Serositis 

Periorbital edema 
Traveling rash 


7-10days 


Dominant 


TNFRSF1A 


Prednisone 
Etancercept 
IL-1 inhibition 
Anti-IL-6 


++ 


CAPS 












FCAS Urticaria 
Joint pain 


< 24 hours 


Dominant 


NLRP3 


Cold avoid- 
ance 




MWS Urticaria 
Arthritis 
Headache 
Hearing loss 


5-7 days 


Dominant 


NLRP3 


IL-1 inhibition 


++ 


NOMID Urticaria 
Arthritis 
Headache 
Hearing loss 
Papilledema 
Bony changes 


Constant 


Dominant 


NLRP3 


IL-1 inhibition 


+ 


a FMF = familial Mediterranean fever 
HIDS = hyperimmunoglobulin D syndrome 
TRAPS = tumor necrosis factor receptor-associated periodic syndrome 
CAPS = cryopyrin-associated periodic syndromes 
FCAS = familial cold autoinflammatory syndrome 
MWS = Muckle-Wells syndrome 

NOMID = neonatal-onset multisystemic inflammatory disorder 



Table 2 Diseases associated with inflammasome acriviry 









Disease 


Clinical features 


Gene 
mutateci 


Eriologic 
agent 


Inflammasome 
involvement 


Anakinni 
response 


Faniilial cold 
autoinflammatory 
syndrome (FQ\S) 


Fever, arthralgia, 
cold-induced urtdcaria 


NALP3 




overactdve 


yes 


Muckle-Wells syndrome 
(MWS) 


Fever, arthralgia, urticaria, 
sensorineural deafness, 
amyloidosis 


NALP3 




overactive 


yes 


Chronic infantile 
neurological cutaneous and 
articular syndrome 
(CINGA, NOÀQD) 


Fever, severe arthralgia, 
urticaria, neurological 
problems, severe 
amyloidosis 


NALP3 




overactive 


yes 


Faniilial Mediterranean 
fever (FMF) 


Fever, peritonitds, pleuritis, 
amyloidosis 


Pyrin 




overactive 


partial 


ryogenic artnritls, pyoderma 
ga ngrenosum, and acne 
syndrome (PAPA) 


ryogenic sterile artnritls 


rj 1 rlx 1 




overactive 


yes 
















Table 1 | Molecular features and rnolecular causes of familial autoinflammatory disorders 



Disease* 


Gene 


Protei n 


Inheritance pattern 


Clinical features 


Refs 


Familial Mediterranean fever 
(FMF) 


MEFV 


Pyrin 


Autosomal recessive or 
gene-dosage-dependent 
autosomal dominant 


Periodic fevers (lasting 3-7 days), 
serositis, arthritis 


64 


Tumour necrosis 
factor-associated periodic 

i ijn a nei 

syndrome(TRAPS) 


TNFRSF1A 


Tumour necrosis factor 
receptor 1 


Autosomal dominant 
with dependence on the 
wild-typeallele 


Periodic fevers (lasting 1-6 weeks), 
serositis, rash, episcleritis 


53 


Hyper IgD syndrome 


MVK 


Mevalonate kinase 


Autosomal recessive 


Periodic fevers (lasting 3-7 days), 
non-destructive arthritis, 
lymphadenopathy, vasculitic skin 
lesions 


98 


Cryopyrin-associated periodic 
syndromes (FCAS, MWS and 
NOMID) 


NLRP3 


NLRP3 


Autosomal dominant 


Cold-induced autoinflammation, 
cochlear inflammation, fevers, sterile 
meningitis, bone lesions 


99,100 


Blau syndrome* 


NOD2 


NOD2 


Autosomal dominant 


Granulomatous dermatitis, uveitis, 
arthritis 


101,102 


PAPA syndrome 


/ r/r 1 


dctdidi 
rb I rlrl 


Autosomal dominant 


Pyogenic arthritis, pyoderma 
granulosum, acne 


103 


Deficiency of IL-1 receptor 
antagonisti (DIRA) 


lilRN 


IL-1 receptor 
antagonist 


Autosomal recessive 


Fevers, pustular skin rash, osteolytic 
bone lesions 


104 


Deficiency of IL-36 receptor 
antagonist(DITRA) 


IL36RN 


IL-36 receptor 
antagonist 


Autosomal recessive 


Generalized pustular psoriasis 


105 


Familial psoriasis (PSORS2) 
and CARDl4-mediated 
pustular psoriasis (CAMPS) 


CARD 14 


Caspase-recruitment 
domain-containing 
protein 14 


Autosomal dominant 


Familial psoriasis and psoriatic 
arthritis; de novo mutation in early- 
onset generalized pustular psoriasis 


17,18 


CANDLE syndrome, Nakajo- 
Nishimura syndrome and JMP 
syndrome 


PSMB8 


PSMB8 

immunoproteasome 
subunit 


Autosomal recessive 


Lipodystrophy and multi-organ 
inflammation 


19-22 



CANDLE, chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; FCAS, familial cold autoinflammatory syndrome; IL, interleukin; 
JMP, joint contractures, muscle atrophy, microcytic anaemia and panniculitis-induced childhood-onset lipodystrophy; MWS, Muckle-Wells syndrome; NLRP3, 
NOD-, LRR- and pyrin domain-containing 3; NOD2, nucleotide-binding oligomerization domain protein 2; NOMID, neonatal-onset multisystem inflammatory 
disease; PAPA, pyogenic sterile arthritis, pyoderma gangrenosum and acne; PSTPIP1, proline-serine-threonine phosphatase-interacting protein 1. *Diseases are 
listed in order of their discovery. *Also known as familial juvenile systemic arthrocutaneouveal granulomatosis. 




Table 2 | Pathogenic mechanisms in autoinflammatory diseases 



Molecular 
abnormality* 


Mechanism 


Disease(s)* 


Pyrin mutation 


High ly gene-dosage dependent; ASC-dependent, 
NLRP3-independent inflammasome activation 


Familial Mediterranean fever 


NLRP3 mutation 


Abnormal oligomerization; spontaneous activation of 
caspase 1 activity 


FCAS, MWSand NOMID 


TNFR1 mutation 


Abnormal aggregation and intracellular accumulation of 
TNFR1; ligand-independent signalling; mitochondrial ROS; 
MAPK activation 


TRAPS 


HLA-B27 


Abnormal protein accumulation; ER stress 


Spondyloarthropathies 


PSMB8deficiency 


Abnormal accumulation of ubiquitylated protein aggregates 


JMP syndrome, CANDLE syndrome 


XBP1 deficiency 


Global disruption of ER stress response; protein overload; 
celldeath 


Inflammatory bowel disease in 
XBPl-deficient mice 



CANDLE, chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; ER, endoplasmic reticulum; 
FCAS, familial cold autoinflammatory syndrome; JMP, joint contractures, muscle atrophy, microcytic anaemia and panniculitis- 
induced childhood-onset lipodystrophy; MAPK, mitogen-activated protein kinase; MWS, Muckle-Wells syndrome; NLRP3, NOD-, 
LRR- and pyrin domain-containing 3; NOMID, neonatal-onset multisystem inflammatory disease; ROS, reactive oxygen species; 
TNFRl, tumour necrosis factor receptor 1; TRAPS, tumour necrosis factor-associated periodic syndrome; XBPl, X-box-binding 
protein 1. *The abnormal folding and accumulation of proteins regulating inflammation can lead to different degrees of cellular 
stress. The effect of mutations in pyrin and NLRP3 is primarily locai; HLA-B27 and XBPl deficiency can activate the unfolded- 
protein response associated with toxicity and enhanced inflammatory responses. *Diseases are listed in order of an association 
with increasing levels of cellular stress. 




Diagnostìc algorithm for patients with suspected 
autoinflammatory conditions 

Patient with recurrent episodes of fever and stereotypic symptoms 
not explained by infectious or oncologie etiologies 

I 

Fever < 3 days, painful serositis, in patient 
of Jewish, Near-Eastern, or Mediterranean 
descent? 



Yes 



Consider familial Mediterranean fever (FMF) 
Send for MEfVanalysis 
Consider trial of colchicine (Colcrys) 



No 



Fever > 7 days, periorbital edema, migratory 
rash? 



No 



Cold-induced urticaria, sensorineural hearing 
loss, or other centrai nervous system symp- 
toms? 



No 



Prominent lymphadenopathy, rash on palms 
and soles, attacks triggered by vaccinations? 



No 



Neonatal onset with urticarial rash and bony 
overgrowth? 



No 



Consider periodic fever, aphthous stomatitis, 
pharyngitis, and adenopathy (PFAPA) syndrome 
(if aphthous stomatitis or cervical adenopathy is 
present); systemic lupus erythematosus; vasculi- 
tis; inflammatory bowel disease 



Yes 



Yes 



Yes 



Yes 



No 



Consider tumor necrosis receptor-associated 
periodic syndrome (TRAPS) 
Send for TNFRSF1A analysis 
Trial of twice-weekly etanercept (Enbrel) 

Consider Muckle-Wells syndrome 
Send for NLRP3 analysis 
Trial of anakinra (Kineret) 



Consider hyperimmunoglobulin D syndrome 
Check serum IgD and urinary mevalonic acid 
Send for MWCanalysis 



Consider neonatal-onset multisystemic 

inflammatory disorder 
Consider lumbar puncture and funduscopic 

examination 
Trial of anakinra 



Assess for rash, eye inflammation, atypi- 
cal arthritis or osteomyelitis (deficiency of 
interleukin 1 receptor antagonist [DIRA], 
Blau, Majeed, pyogenic arthritis, pyoderma 
gangrenosum, and acne [PAPA] syndromes) 



inTlammatory IL-1 beta 




TRAPS 



Mutant 
TNF 

reoeptor 




Inflammasomes 




l"" NLRP3 l2LL£J 




Mulant PSTPIP1 B323 




pyrin HSB 




Lmvk Rifila 




ASC 




Proeaspase-1 







IL-1mRNA 




Other cytokines 
including IL-6 



1 1 i 



TRAPS 

In tumor necrosis factor receptor-associated periodic 
syndrome (TRAPS), mutant tumor necrosis factor (TNF) 
receptor is sequestered in the endoplasmic reticulum, 
leading to production of NF-kappa B and the transcription 
of proinflammatory cytokines, including IL-1 beta. 



Blau 

In Blau syndrome, mutant N0D2 leads to 
increased production of NF-kappa B and to 
the transcription of proinflammatory cytokines, 
including IL-1 beta. 



TABLE 2 



Role of the innate immune system 
in common chronic conditions 

Atherosclerosis 

Crystals containing cholesterol are deposited in vessel walls and 
directly stimulate NLRP3, leading to increased tissue levels of inter- 
leukin 1 (IL-1) beta and inflammation 63 - 64 

Gout 

Monosodium urate crystals trigger localized inflammatory response 
by activating the NLRP3 inflammasome; blockade of IL-1 beta 
activity leads to significant improvement in gout symptoms 65 - 66 

Osteoarthritis 

Calcium phosphate crystals directly stimulate IL-1 beta production 
via activation of the NLRP3 inflammasome 67 

Type 2 diabetes 

Hyperglycemia indirectly activates the NLRP3 inflammasome, leading to 
increased levels of IL-1 beta; prolonged increased levels of IL-1 beta can 
lead to insulin resistance, hyperglycemia, and beta celi death 64 - 68 



Tabìe 1. Inflammasome activators and associateci diseases 



Inflp rnrnp cnmp 

Il II Idi 1 II 1 ld->v_/l 1 i\Z 


^timi ili k 
jui i imu j 


Dkp3 qp<; 


NLRPI 


Lethal toxin from èacillus 


Vitiligo 




anthracis 




Muramyl dipeptide 






(MDP) 




NLRP3 


Bacterial pore-forming 


Cryopyrinopathies 




toxins 


(CAPS): 




lon channels 


FCAS 




Crystalline and fìbrous 


MWS 




material 






Protei n aggregates 


CINCA/NOMID 


NLRC4 


Flagellili 


Kawasaki disease, atopic 




Bacterial type III 


dermatitis, IBD? 




secretion system 




AIM2 


Double-stranded DNA 


Psoriasis, SLE? 


NLRP6 


Unknown 


IBD? 


NLRPI 2 


Unknown 


NLRPI 2AD 



Question mark indicates that the associated disease is not yet fully con- 
fìrmed. FCAS, familial cold autoinflammatory syndrome; MWS, Muckle- 
Wells syndrome; CINCA, chronic infantile neurologie cutaneous and artic- 
ulan NOMID, neonatal-onset multisystem inflammatory disease; SLE, sys- 
temic lupus erythematous. 



Table 2 | Autoimmune versus autoinflammatory diseases 



Dysfunctional cells Dominant cytokines 


Disease examples 


Options for biologics 


A ♦ 1 • 

Autoimmune diseases 




— |— 1 1 i ~t~k il — il r III * ~~i 

T- and B lymphocytes TNF, IL-6 and IL-17 


• Rheumatoid arthritis 
•Crohn's disease 

• Psoriasis 

• Multiple sclerosis 


•TNFblockers 

• Anti-IL-6 receptor mAb 
•Anti-IL-12/IL-23mAb 

• Anti-IL-17 mAb 

• CTLA4 immunoglobulin 

• Rituximab; anakinra 


Autoinflammatory diseases 




Monocvtes and/or IL-la and II -1 fi 
macrophages 


• Hereditary diseases: CAPS; 
FMF;TRAPS; HIDS; PFAPA 

• Common (non-hereditary) 
diseases: adult and juvenile 
Still's disease; Schnitzler 
syndrome; hidradenitis 
suppurativa; gout; pseudogout; 
type2diabetes 


• Anakinra 

• Rilonacept 

• Canakinumab 

• Gevokizumab 
•LY2189102 

• Anti-IL-lamAb 

• Anti-IL-1 receptor mAb 

• Orai caspase 1 inhibitors 



CAPS, cryopyrin-associated periodic syndrome; CTLA4, cytotoxic T lymphocyte antigen 4; FMF, familial Mediterranean fever; 
HIDS, hyper-lgD syndrome; IL-la, interleukin-la; mAb, monoclonal antibody; MI, myocardial infarction; PFAPA, periodic fever, 
aphthous stomatitis, pharyngitis and adenitis; TNF, tumour necrosis factor; TRAPS, TNF receptor-associated periodic syndrome 



Treating inflammation by blocking 
interleukin-1 in a broad spectrum 
of diseases 



Anakinra 




Box 1 | Examples of conditions treated with IL-1 blockade 



Joint, bone and muscle diseases* 

Rheumatoid arthritis; ankylosing spondylitis 
Erosive osteoarthritis of the hand 
Recurrent multifocal osteomyelitis 
Traumatic knee injury; relapsing polychondritis 

Hereditary systemic autoinflammatory diseases** 

Familial Mediterranean fever (FMF) 
Cryopyrin-associated periodic syndrome (CAPS) 
TNF receptor-associated periodic syndrome (TRAPS) 
Hyper-lgD syndrome (HIDS) 

Periodic fever, aphthous stomatitis, pharyngitis and adenitis (PFAPA) 
Deficiency of interleukin-1 (IL-1) receptor antagonist (DIRA) 

Systemic inflammatory diseases* 

Systemic juvenile idiopathic arthritis 
Adult-onset Stili s disease 
Schnitzler syndrome 
Behcet's disease 
PFAPA 

SAPHO (synovitis, acne, pustulosis, hyperostosis, osteitis) syndrome 
Macrophage activation syndrome 

Common inflammatory diseases* 

Gout; pseudogout 
Type 2 diabetes 
Hidradenitis suppurativa 
Systolic heart failure; cardiac remodelling 
Dryeye syndrome 

Pustular psoriasis; neutrophilic dermatoses 




Agent 


Ava i labi li ty 


Mechanism of action 


Company 


Refs 


Anakinra 


Approved 


Receptor antagonist for IL-1RI 


Swedish Orphan BioVitrum (see 
Supplementary information Si (table)) 





Rilonacept* 


Approved 


Soluble IL-1 receptor that binds 
IL-lp>IL-la>IL-lRa 


Regeneron 


91,102 


Canakinumab 


Approved 


Neutralizing anti-IL-lp IgGl mAb 


Novartis 


60,76,93, 


Gevokizumab 


Phasell 


Neutralizing anti-IL-l(3 lgG2 mAb 


Xoma 


59,119 


LY2189102 


Phasell 


Neutralizing anti-IL-l(J IgGl mAb 


Lilly 


77 


MABpl 


Phasel/ll 


Neutralizing anti-IL-la IgGl mAb 


XBiotech 


78 


MEDI-8968 


Phasell/lll 


Blocking antibody to IL-1RI 


Medlmmune 


18 


CYT013 


Phase 1 


Therapeutic vaccine targeting 
IL-lp 


Cytos Biotechnology 




sIL-lRI* 


Halted 


Binds IL-lRa>IL-la>IL-l(3 


Amgen 


63,64,65 


slL-lRII § 


Halted 


Binds IL-l(3complex with soluble 
IL-IRAcP 


Amgen 




EBI-005 


Phasel/ll 


ChimericlL-IRa-IL-lp 


Eleven Biotherapeutics 




CMPX-1023 


Preclinical 


Alphabody 


Complix 




VX-765 


Phasell 


Oralcaspase 1 inhibitor 


Vertex 





IgGl, immunoglobulin GÌ; IL-1, interleukin 1; IL-lRa, IL-1 receptor antagonist; IL-lRAcP, IL-1 receptor accessory protein; IL-1RI, 
IL-1 receptor type I; mAb, monoclonal antibody. *A soluble decoy receptor; composed of extracellular domains of IL- 1 RI fused to 
the extracellular domains of IL-lRAcP. *Soluble IL-1RI; composed of extracellular domains of IL-1 RI; binds to IL-lRa, IL-la and IL-lp 
in decreasing orderof affinity: IL-lRa>IL-la>IL-ip. § Efficacy depends on the binding of IL-ip with soluble IL-lRAcP; binds to 
IL-ip, IL-la and IL-lRa in decreasing order of affinity: IL-ip>IL-la>IL-lRa. 
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Fig. 1. Intracellular sensors for microbes and danger and their 
signaling pathways. More details about the sensors and their signaling 
pathways are provided in the articles of this volume. 
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In the the field is an eosinophil 
with a bilobed nucleus and 
numerous reddish granules in 
the cytoplasm. Just underneath 
it is a small lymphocyte. 
Eosinophils can increase with 
allergie reactions and with 
parasitic infestations 




A focus of inflammation showing numerous eosinophils. 



DISTRIBUZIONE e CINETICA 



MATURAZIONE: 10-17 giorni (nel midollo osseo) 

IN CIRCOLO: emivita di 6-12 ore 

NEI TESSUTI: può' persistere per parecchi giorni 

Il tasso di eosinofili circolanti varia da poche unita' a 350/mm3. 

I tessuti più' ricchi di eosinofili sono: 

CUTE, TRATTO RESPIRATORIO, TRATTO GASTROINTESTINALE. 
RIMOZIONE: 

1) rilascio nel lume intestinale o del tratto respiratorio 

2) fagocitosi da parte dei macrofagi 

3) degenerazione cellulare 



MORFOLOGIA DELL 'EOSINOFILO 



Forma: SFERICA 
Diametro: 12-17 um 

4 

Nucleo: BILOBATO 

Citoplasma: contiene RE30SOML APP. di GOLGI attivo, MICROGRANULI 
MITOCONDRI 

GRANULI 

Si distinguono in GRANDI (specifici o secondari) e PICCOLI (comprendenti i 
"rimari tinici dei promielociti eosinofilia 

I granuli GRANDI presentano un nucleo più* eìertrondenso (CRISTALLOIDE) e 
matrice meno elettrondensa. 





Figure 1 1 The eosinophil. a | Human eosinophils from peripheral blood stained with 
modified Giemsa exhibit characteristic bilobed nuclei and large red-stained cytoplasmic 
secretory granules. The cells with multilobed nuclei and without large granules are 
neutrophils. Originai magnification, xlOO. b | The image shows eosinophils and 
neutrophils isolated from the spleen of a Cd2-interleukin-5-transgenic mouse and 
stained with modified Giemsa. c | The image shows a transmission electron micrograph 
of a mouse eosinophil. Cytoplasmic secretory granules are indicated by the arrows; the 
centrai core of these granules contains cationic major basic protein, and their periphery 
contains the remaining major cationic proteins, cytokines, chemokines, growth factors 
and enzymes. Originai magnification, x6,000. 




FIGURE 1. Transmission electron microscopie morphology and cardinal structures of an eosinophil. The transmission electron 
microscopie image of 2 eosinophils on the right displays the segmented nucleus of this polymorphonucleated celi as 
heterochromatic regions surrounded by cytoplasm containing several granule subtypes, each with specific constituents giving the 
different granules their unique electron microscopie morphologies. The eosinophil secondary granule displaying the characteristic 
electron dense crystalloid core and electron translucent matrix of these granules. The classically crystalloid secondary granule 
contains MBP, eosinophil cationic protein, eosinophil-derived neurotoxin, and eosinophil peroxidase along with a number of 
cytokines and is a host of other proteins many with enzymatic activity. The primary granule is the principle site of Charcot-Leyden 
crystal protein, this protein also called galectin-10 accounts for an estimated 7% to 10% of total cellular protein in the mature 
blood eosinophil. Charcot-Leyden crystal protein is not one of the eosinophil's lysophospholipases but rather interaets with 




FUNZIONI DELLE PROTEINE DEI GRANULI SPECIFICI 



MBP (Major Basic Protein) 



ECP 

(Eosinophilic Calionic Protein) 



Citotossica per parassiti, batteri e tessuti, 
degranula mastociti e baso fili, blocca 
l'eparina secreta dai mastociti 



Citotossica per parassiti, degranula 
I basofili, ha azione ribonucleasica 
ed esercita danno bronchiale 



EPO 

(Eosinophilic Peroxiduse) 



Inattiva I leucotrieni C4 e D4, con 
H : 0 2 forma un sistema che media la 
tossicità' verso vari bersagli 



EDN (EPX) 

(Eosinopkilic Derived Neitroloxin) 



Neurotossica, debole azione 
antielmintica, ribonucleasica 



Table 12.1 Functions of eosinophil cationic granule proteins. 
\ MBP] 

Toxicitv toward helminthic parasites s uch as 
schistosomulae ol { Schistosoma mansoni (Butterworth 
1984; Aekermanef a/. 1985; Gleich & Adolphson 1986) 

Cytotoxicity toward airway epithelium (Frigas et al 1980; 
Hastie et ai 1987; Hisamatsu et al 1990; Furuta et al. 
2005) 

Bronehoconstrietion and hyperresponsiveness on 

aerosolization in rais and monkeys (Gundel et al. 1991 ; 

Coyle et al 1993; Uchida et al. 1993) 
Platelet agonist (Rohrbach et al. 1990) 
Activation of complement via classical and alternative 

pathways (Weiler et al 1992, 1995) 
Antibaeterial properties (Lehrer et al. 1989) 
Activation of remodeling faeton» from epithelial cells 

(Pégorier et al. 2006) 
Increased eutaneous vasopernieability (Davis et al. 2003) 
Stimulation of signaling pathways and mediator release 

from mast cells, neutrophils and basophils (Zheutlin et al 

1984; Haskell et al 1995; Page et al. 1999; Shenoy et al. 

2003) 




| ECP 



u 



Ribonuclease activity (100 times less potent than l 

(Slifman et al. 1986) 
Toxicity toward helminthic parasites an d mammal 
epithelial cells (McLaren et al. 1981 ; Ackerman < 
1985) 

Bactericidal properties (Lehrer et al. 1989) 
Induction of Gordon phenomenon (Durack et a 

Fredensefa/. 1982) 
Promot ion of mast celi degranulation (Zheutlin et 
| EDN 

Weakly toxic for parasites and mammalia n cells (/ 
et al. 1985) 

Induction of Gordon phenomenon (Durack et al 1 
Antiviral activity in respiratory infection (Rosenbc 
Dom achowske 2001) 



\EPO 



Toxic for mammalian cells and degradative towan 
connective tissue via ability to forni hypohalou?; 
(Slungaard & Mahoney 1991; Wang & Slungaan 
Cytotoxicity toward airway epithelium (Brottman 



Bone marrow 



Blood 

selectins 

L-selectin 
PSGL-1 
sialyl-Lewis X 

selectins 

P-selectin 
E-selectin 



Tissue 



Eosinophil differentiation 

transcription factors: GATA-1 , PU.1 and c/EBP members (a, (5 and e) 
cytokines: IL-5, IL-3 and GM-CSF 





Eosinophil adhesion 
Integrins 

p 2 -a b a M ,a D ,a x 
Pr«4 



Adhesion receptors 

/ICAM-1 
JRtf/ VCAM-1 

MAdCAM-1 





• • t 



Eosinophil chemotaxis 
Chemokine receptors- 

CCR1, CCR3, CCR5, CCR6, CCR8, CXCR3 
and CXCR4 



Chemokines- 

CCL3, CCL5, CCL8, CCL7, 
CCL-11,CCL13, CCL24, 
CCL26 and CCL28 



Fig. 12.7 Schemalic represenlaiion of eosinophil traffieking. Eosinophils develop in the bone marrow where they differentiate from hematopoietic 
progenitor cells into mature eosinophils under the control of the criticai transcription factors GATA-1, PU.l and c/EBP members. The 
eosinophilopoietins IL-3, IL-5, and GM-CSF regulate eosinophil expansion, especially in conditions of hypereosinophilia. Eosinophil migration out 
of the bone marrow into the circulation is primarily regulated by IL-5. Circulating eosinophils subsequently interact with the endothelium by 
processes involving rolling, adhesion, and diapedesis. Depending on the target organ, eosinophils cross the endothelium into tissues by a regulated 
process involving coordinated interaction between networks involving the chemokines, eosinophil adhesion molecules, and adhesion receptors on 
the endothelium. (Adapted from Rothenberg Et Hogan 2006 with permission.) 



CCL CHEMOCHINE A TTIVE SUGLI E OSINO FILI 



RANTES (CCL5) 

Monocyte Chemotactic Proteins (MCPs) 

In particolare, tra queste, MCP-3 e MCP-4 (CCL7,CCL13) 

Macrophages Inflarnmatory Proteins (MCPs) 
In particolare MDP-la (CCL3) 

EOTAXIN(CCLll) 

La più potente e specifica 

La più studiata nei modelli murini di asma 

Oltre ad essere un forte chemiotattico per gli eosinofìli, ne stimola: 

il rilascio di superossido 

la mobilizzazione del Ca"^ intracellulare 

Inoltre regola in positivo Y espressione di molecole adesive da parte 
dell'epitelio bronchiale 




Table 2 Chemokines and lipid 
mediators and their receptors 



a Not yet confirmed in primary 
human eosinophils 



Chemokine receptors 


Chemokines 


Receptors for 
lipid mediators 


Lipid 
mediators 




Al-Rabia et al. 2003; Borchers et al. 


Hogan et al. 2008; 


Hogan et al. 2008; 


Hogan et al. 




~>0Q">' Hoean et al ^008* June et al 

_v.'V/._« iiuguii v. i ui. ^y/y/Kj^ Jung wi (ti. 


Wone et al ^007 


Snik et al ^005 


2008* Weller 




2008; Liu et al. 2003; Nagase et 






et al. 1999 




al. 2001; Dunzendorfer et al. 2001 










CCR1 (CD191) 


MCP-1 (CCL2) a 


CysLTjR 


LTC 4 




CCR2 (CD 192) 


MlP-la (CCL3) 


CysLT 2 R 


LTD 4 




CCR3 (CD 193) 


RANTES (CCL5) 


LTB4R 


LTE 4 




CCR4 (CD 194) 


MCP-3 (CCL7) 


DP2/CRTh2 (PGD 2 R) 


PGE, 




CCR5 (CD 195) 


MCP-2 (CCL8) 


DPI (PGD 2 R) 


PGE, 




CCR6 (CD 196) 


MlPly (CCL9) a 


PGE 2 R 


15-HETE 




CCR7 (CD197) a 


Eotaxin-1 (CCL11) 


PAFR 


PAF 




CCR8 (CD 198) 


MCP-4 (CCL13) 


fMLPR 






CCR9 (CDwl99) 


Grò a (CXCL1) 








CXCR3 (CD 182 or CD 183) 


SDF-1 (CXCL12) 








CXCR4 


C10/CCL6 a 
IP-10 (CXCL10) 








Maturation 



Migration 




Gl tract 



Mammary 
glands 



Thymus 



Uterus 
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6? 



Lumen 



Degranulation ^ 



Secretory IgA 




Peyer's Patch 



Fig. 3 Innate immune ftinctions of gastrointestìnal eosinophils. a 
Cross-linking of membrane bound IgA receptors by secretory IgA 
linked to bacterial microbes elicits secretion of granule-derived 
proteins by eosinophils. b In response to epithelial damagc, 
eosinophils secrete multiple mediatore (including FGF-2 and TGF-|3) 
to promote tissue repair and remodeling, maintaining the integrity of 



me epithelial barrier. c Eosinophils may be stimulated to secrete 
mitochondrial DNA and granule derived proteins in the form of an 
extracellular trap for infiltrating bacteria. d Eosinophils can be found 
in association with lymphocytes within gastrointestinal Peyer's 
patches 



Receptors for lìpìd mediators 

• Platelet-activating factor receptor 

• DP2 prostaglandin receptor (CRTH2) 

• DPl prostaglandin receptor 

• EP4 prostaglandin receptor 

• EP2 prostaglandin receptor 

• Leukotriene B4 receptor 



Chemoattractant receptors 

• CCR1. CCR3. CCR4. CCR5. 
CCR6. CCR8. CCR9 

• CXCR2. CXCR3. CXCR4 

• FPR1 

• C5aR.C3aR 

I 



Receptors for 
lipid mediator 



Chemoattractant 
receptors 



PARI or 
PAR2 



CD80 or 
CD86 

MHC 
class II 



SICLEC 



Adhesion receptors 

• LFAl(CDlla-CDl8) 

• CR3(CDllb-CDl8) 

• CR4 (CDllc-CDl8) 

• VLA4 (CD49d-CD29) 
•CD44 

• CD62L 

• PSGL1 
•CD34 



Cytokine and growth 
factor receptors 

• IL-2R, IL-3R. IL-4R. IL-5R. 
IL-9R. IL-10R. IL-13R.IL-17R 
IL-23R.IL-27R.IL-31R. 
IL-33R.TSLPR. CM-CSFR. 
KIT. IFNyR.TGFpR 




Lipid body contents 

• Leukotriene C4. leukotriene D4. 
leukotriene E4 

• Thromboxane B2 

• Prostaglandin El. prostaglandin E2 

• 15-hydroxyeicosatetraenoic acid 

• Platelet-activating factor 



PRRs 

• TLRl. TLR2. TLR3. TLR4. TLR5. 
TLR6. TLR7. TLR9. TLRlO 

• NOD1.NOD2 

• RIC-I 

• RAG E 



Specifìc granule contents 

• Cationic proteins: MBP. EPX. 
ECP. EDN 

• Cytokines: IL-2. IL-3, IL-4. IL-5. 
IL-6.IL-lO.IL-l2.IL-l3.IFNy. 
GM-CSF. TGFa. TGFp. TNF 

• Growth factors: NGF. PDGR 
SCF. VEGF. EGF. APRIL 

• Chemokines: CCL3. CCL5. 
CCL7.CCL8. CCLll, CCL13. 
CXCL1. CXCL10. CXCL12 

• Enzymes: acid phosphatase. 
collagenase. arylsulphatase B. 
histaminase. phospholipase D. 
catalase. nonspecifìc esterases 

















Major Eosinophil-Derived Mediatore 


Class 


Mediators 


Physiologic Effects 


Cationìc granule 


iinn rnn rnn r~nn 

MBP, ECP, EDN, EPO 


Cytotoxic and bacte- 


proteins 




ricidal properties. 






smooth muscle 






cells contraction, 






mast celi activa- 






tìon and survival 


Lipid mediators 


LTD 4 LTE 4 PAF, PGE„ 


Leukocyte trafficking. 




PGE2, 15-HETE 


endothehal ad- 






hesion, smooth 






muscle cells con- 






traction, vascular 






permeability, 






mflammation 


Cytokines 


TMT IflVI II 1 II 1 O 

TNFa, IFNy, IL-la, IL- 1 p, 


Inflammation, 




il o il o il j il r li f 

IL- 2, IL-3, IL-4, IL-5, IL-b, 


immunoregulation 




il c\ il 1 n il 11 il io 

IL-9, IL-10, IL-11, IL-12, 






Il 10 II 1C II 17 

IL-Ij, IL-lb, IL-1/ 




Chemokines 


CXCL1,CXCL5,CXCL8, 


Leukocyte chemoat- 




CXCL9,CXCL10,CXCL11, 


traction and tis- 




CCL2, CCL3, CCL5, CCL7, 


sue infiltration of 




CCL11.CCL13 


leukocytes 


Growth factors 


HB-EGF, LBP, NGF, GM- 


Growth of various celi 




CSF, TGFa, TGFp, SCF 


types 



ECP, eosinophil cationìc protein; EDN, eosinophil-derived neurotoxin; EPO, eosinophil 
peroxidase; IFN, interferoni IL, interleukin; LTD, ???; LTE, ???; MBP, major basic 
protein; PAF, platelet-activating factor; PGE, ???; TNF, tumor necrosis factor. 




Blood 




Jagged and 
Delta family of 
Notch ligands 



(O) <IL-3> [ J GM-CSF 




Heightened 
responsiveness 
to mediators 



Enhanced functional activity 




Increased release 
of granule proteins 



Increased 
respiratory burst 



Eosinophil 
degranulation 

1 # ECP 
# EPO 

MBP 
EDN 




NADPH 
complex 



Figure 4 | Eosinophil priming results in amplified responses. The activation of 
eosinophils by a priming agent, such as interleukin-5 (IL-5), IL-3, IL-33, granulocyte- 
macrophage colony-stimulating factor (GM-CSF) or Notch ligands, results in enhanced 
functional responses to stimuli, including increased celi migration, release of granule 
proteins and respiratory burst activity. The SRC family member LYN is involved in 
upregulating the activity of downstream pathways that are important for effector 
functions and results in enhanced eosinophil responsiveness. ECR eosinophil cationic 
protein; EDN, eosinophil-derived neurotoxin; EPO, eosinophil peroxidase; IL-lRLl, IL-1 
receptor-like 1 (ST2 protein); MBR eosinophil granule major basic protein. 




IL-5 Ab 



pc antisense 
oligonucleotide 




• Adhesion 

• Chemotaxis 



-| • Survival 



• Differentiation 

• Cytokine production 

• Degranulation 



Figure 3 | IL-5-mediated signalling. lnterleukin-5 (IL-5)-mediated signal transduction 
regulates eosinophil differentiation, proliferation and survival. IL-5-mediated 
stimulation of eosinophils begins with the high-affinity binding of IL-5 to IL-5 receptor 
subunit a(IL-5Ra), followed bythe binding of this complex tothe common (3-chain ((3c) 
to initiate signal transduction. IL-5 stimulates signal transducer and activator of 
transcription 1 (STATI), STAT3 and STAT5 pathways in eosinophils, resulting in the 
expression of genes that are important in promoting eosinophil survival. The activation 
of mitogen-activated protein kinase (MAPK) and related pathways results in eosinophil 
differentiation and degranulation as well as cytokine production. These pathways, along 
with the phosphoinositide 3-kinase (PI 3 K) and nuclear factor-KB (NF-kB) pathways, 
have been shown to promote adhesion and chemotaxis of eosinophils. Therapeutics 
that bind to IL-5, antagonize IL-5Raor decrease the expression of the (3c subunit inhibit 
IL-5-mediated effects on eosinophils. The activation of inhibitory receptors, such as 
CD300A, has also been shown to inhibit IL-5-mediated survival. Ab, antibody. 



Biological effects of eosinophil mediators 




Eosinophil 



Cationic granule proteins 
(e.g., major basic protein, 
eosinophil cationic protein) 

i i 

^^^^^^^^ 

Enzymes 
(e.g., eosinophil 
peroxidase) 




Killing of | 
parasites and 
host cells 



Tissue 
damage 





Parasite 

Shed worm antigens 
B-cell response 
IgE antibody 



IgE Fc receptor 
on mast cells 

Degranulation: reiease 
of vasoactive and 
chemotactic factors 



Recruitment of eosinophils, 
platelets, and macrophages 
hearing IgE Fc receptors 



Parasite attacked by 
IgE-armed leukocytes 
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: Helminth 



Helminth 
death 



FIGURE 19-11 Activation of eosinophils to kill hel- 
minths. IL-5 secreted by T H 2 cells enhances the ability of helminths 
to kill the parasites. Crosslinking FceRl on eosinophils by IgE bound to 
helminth antigens may also induce eosinophil degranulation, releasing 
enzymes toxic to the parasites. 





FIGURE 17-13 



Overview of the immune response generateci 
against Schistosoma mansoni. The response includes an IgE hu 
moral component (top) and a cell-mediated component involv- 



ing CD4* T cells {bottom). C = complementi ECF = eosinop 
chemotactic factor; NCF = neutrophil chemotactic factor; PAF 
platelet-activating factor. 



Table 12.3 Eosinophils and host defense against helminth parasites: 
results from mouse model studies. (Adapted from Klion ft Nutman 2004 
with permission. 





Organism 


Results 








Mesocestoides corti 


— 


Trematode 




Fasciola sp. 




Schistosoma sp. 




Nematodes 




Angiostrongylus sp. 


+ 


Heligmosomoides polygyrus 




Brugia sp. 


+ 


Nippostrongylus sp. 


± 


Onchoctrca sp. 




Strongyloides sp. 


+ 


Toxocara sp. 




Trich india sp. 


± 


Trichuris sp. 






— , Eosinophils shown to play no role; +, eosinophils shown to provide 
host defense; ± , eonflicting information in the literature. 



Difesa verso i parassiti 



RICONOSCIMENTO DEL PARASSITA ^ ATTACCO E SECREZIONE DI SOSTANZE 
CITOTOSSICHE -> UCCISIONE 

Il riconoscimento da parte degli eosinofili e' consentito dalla presenza di Anticorpi sulla superficie 
del parassita stesso. 



DANNO OSSIGENO-INDIPENDENTE : MBP, ECP, EPX. La Proteina Cationica e' la più' potente 
(1CXMBP). Il danno avviene tramite interazioni di membrana che danno origine a canali ionici 
alterati. 

DANNO OSSIGENO-DIPENDENTE : 1 . Produzione di RADICALI liberi di OSSIGENO 

2. Produzione di ffl0 3 o HBr0 3 

La citotossicita' verso i parassiti e' esaltata da parecchie sostanze: 

ESP (Eosinophil Stimulation Promoter) 
GM-CSF 

EAF (Eosinophil Activating Factor) 
EL-5 

ECEF (Eosin. Cytotoxicity Enhancing Factor) 



Host defence 



Pathogens: bacteria, 
viruses, fungi, parasites 



• Granules 

• Mitochondrial 
DNA traps 



Metabolic homeostasis 




- AAMs 

• AAM differentiation 

O Oi O; 

• Glucose metabolism 

Adipose tissue 



Immune response regulation 




Tissue remodelling and repair 



• Production of mediators 

• Antigen presentation 



• Fibrosis 

• Celi death 



High-affinity 
antibodies 




Cardiac 
muscle 



Epithelium in 
oesophagus 
and airway 

Figure 1 1 Effector functions of eosinophils. Eosinophils are pleiotropic cells that 
have the capability to release both preformed and newly synthesized granule proteins, 
cytokines, lipid mediators and growth factors. Eosinophils have roles in host defence 
against several pathogens, in the activation of neighbouring cells including mast cells, 
T cells and epithelial cells, in promoting the survival of long-lived plasma cells in the 
bone marrow, in metabolic homeostasis through the maintenance of alternatively 
activated macrophages (AAMs) in adipose tissue, in regulating immune responses 
as well as in tissue remodelling and repair. 




Eosinophils 



PMNs 

@ 

block PMN infiltration 




Cytokines/Chemokines 
Cytotoxic granule proteins 
Mediators 



Macrophages 




modulate macrophage phenotype 



resolution of inflammation 



FIGURE 4 | Proposed mechanisms of eosinophils' pro-resolving function. 

Eosinophils play a role in host defense by releasing cytotoxic granule proteins, 
cytokines/chemokines, and mediators. In addition, eosinophils maintain 
metabolic homeostasis by promoting alternative macrophage activation in an 



IL-4- and IL-13- dependent manner.Thus. it is proposed that eosinophils 
promote resolution of inflammation by blocking PMN infiltration and/or 
modulating macrophage phenotype through cytokines (e.g. r IL4, IL-13) and/or 
lipid mediators (e.g. r PD1, RvE3). 
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T H 2 celi 
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Figure 3 | Eosinophils modulate the function of other leukocytes. Eosinophils not only respond to signals, but also have 
a definitive impact on the actions of other leukocytes. Eosinophils can express MHC class II and co-stimulatory molecules, 
process antigens and stimulate T cells to proliferate and produce cytokines in an antigen-specific manner 39 . Furthermore, 
acting together with dendritic cells (DCs), eosinophils regulate the recruitment of T helper 2 (T H 2) cells in response to allergen 
sensitization and challenge by producing CC-chemokine ligand 17 (CCL17) and CCL22 (REFS 40,41 ). Eosinophils also prime 
B cells for antigen-specific IgM production 39 and sustain long-lived plasma cells in mouse bone marrow via the production 
of a proliferation-inducing ligand (APRIL) and interleukin-6 (IL-6) 44 - 45 . Eosinophils that are stimulated by CpG DNA induce 
DC maturation 51 . Indeed, the eosinophil granule protein eosinophil-derived neurotoxin (EDN) promotes the maturation and 
activation of DCs 52 53 . Major basic protein (MBP) released from eosinophils activates neutrophils, causing them to release 
superoxide and IL-8 and increase their expression of the cell-surface integrin complement receptor 3 (CR3) 146 . Eosinophils 
also maintain alternatively activated macrophages in adipose tissue by producing IL-4 and IL-13 (REF. 50). The eosinophil 
granule proteins MBP, eosinophil cationic protein (ECP) and eosinophil peroxidase (EPX) activate mast cells, resulting in 
the release of histamine. Likewise, eosinophil-derived nerve growth factor (NGF) prolongs mast celi survival 147 . 
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PRINCIPALI PATOLOGIE ASSOCIATE AD 
EOSINOFILIA. 



Infestazioni parassitarie 

Schistosomiasi, filariasi, toxoplasmosi, ascaridiasi 

Malattie infettive 

Scarlattina, mononucleosi, polmonite da clamidia 

Allergopatie 

Asma bronchiale, rinite, orticaria 



Affezioni cutanee 
Dermatite atopica, dermatite erpetiforme 

Malattie immunologiche 

Fascite eosinofila, sindrome da iper-IgE 

Malattie neoplastiche 

Linfoma di Hodgkin, leucemie 



Emopatie 

Anemia perniciosa, policitemia vera 

Malattie respiratorie 

Asma, eosinofilia polmonare da filarie, sarcoidosi 



TABLE 3. Diseases in Which Eosinophils are Believed to Play 
a Pathogenic Role (Modified From Giembycz and Lindsay) 1 ™ 

Allergie and auto immune disorders 

Bktrinac and intrinsic bronchial asthma 

Allergie rhinitis 

Oncocercal dermatite 

Allergie dermatiti* 

Neurodermitis 

Drug reaction | 

Nodules, eosinophilia, rheumatism, dermatitis, and swelling 

Multiple selerosis 

Ulcerative cohtis 

Scleroderma 
Vasculitis granulomatous diseases 

Temporal vasculitis 

Churgh-Strauss syndrome 

Poi yarth riti s 

Wegener granulomatosis 
Interstitial and other pulmonary diseases 

Kosinophilic pleural eftusion 

Transient pulmonary eosinophilic infiltrate* (Loeffler) 

Histiocytosis 

Chronic eosinophilic pneumomti. 
Allergie bronchopulmonary aspergillosis 
Sarcoidosis 

Idiopathic pulmonary fibrosis 
Topical eosinophilia 



Parasitic and other infectious diseases 
Toxocariasis 
Filariasis 
Schistosomiasis 
Trichonosis 
Strongyloides 
Ascariasis 

Echinococco sis/eystioercosis 
Acute coccidioidomycosis 
Cai serate h disease 
Afebrile tuberculosis 
Chlamydial pneumonia at infancy 
Neoplastic and myeloproliferative diseases 
Vulva- and peni s carcinoma 
Carcinoma of the uterine cervi* 
Breast cancer 
Melanoma 

Gastric and pancreatie adenocarcinomas 
Esophageal carcinoma 
Colon carcinomas 
Bronchogenic carcinoma 
Hypereosinophilic syndrome 
T-cell lymphoma and Hodgkin dLsease 
Others 

Ciratt rejection 
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FIGURE 19-7 The immediate and late-phase reactions of allergy. A, Kinetics. The immediate vascular and smooth muscle reaction 
to allergen develops within minutes after challenge (allergen exposure in a previously sensitized individuai), and the late-phase reaction develops 2 
lo 24 hours later. B, C, Morphology. The immediate reaction (B) is characterized by vasodilation, congestion, and edema, and the late-phase reaction 
[CI is characterized by an inflammatory infiltrate rich in eosinophils, neutrophils, and T cells. (Courtesy of Dr. Daniel Friend, Department of Pathology, 
Brigham and Women's Hospital, Boston, Massachusetts.) 



